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(54) Active matrix display device and semiconductor device 



(57) A method lor manufacturing a semiconductor 
device having a crystalline silicon semiconductor layer 
comprises the steps of heat crystallizing an amorphous 
silicon semiconductor layer at a relatively low tempera* 
ture because ol the use of a crystallization promoting 
material such as Ni, Pd, Pt. Cu. AG, Au. In, Sn. Pb, P, 
As, and Sb. The crystallization promoting material is 



introduced by mixing it within a liquid precursor material 
tor forming silicon oxide and coating the precursor 
material onto the amorphous silicon fim. Thus, it is pos- 
sible to add the crystallization promoting material into 
the amorphous silicon film at a minimum density. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to the manufac- s 
ture of semiconductor devices and particularly, though 
not exclusively relates to the manufacture of thin fflm 
transistors (TFT) as a/e used in integrated circuits, tor 
example as switching elements in an active matrix cir- 
cuit in an electro-optical device or as a driving circuit 
thereof formed on the same substrate as the active 
matrix circuit 

BACKGROUND OF THE INVENTION 

[0002] An amorphous silicon fim can be utilized most 
readily as the thin fim semiconductor for a TFT How- 
ever, the electric characteristics of amorphous silicon 
film are poorer than those of crystalline thin film semi- 
conductors such as, tor example, potycrystalline silicon, 
single crystalline silicon and microcrystalline silicon. 
[0003] A crystalline silicon film can be prepared by first 
forming an amorphous silicon film, and then heat treat- 
ing the resulting film to effect crystallization of the same, 
but the heat treatment of the amorphous silicon film 
requires the film to be heated at a temperature of 600°C 
or higher tor a duration Ol 10 hours or longer and this is 
detrimental tor glass substrates. For instance. Corning 
7059 glass which is commonly used tor the substrates 
of active matrix liquid crystal display devices has a glass 
distortion point of 593°C. and is therefore not suitable 
tor large area substrates that have to be subjected to 
healing at a temperature of 600°C or higher. 
[0004] The inventors of the present invention have 
found that the crystallization of an amorphous silicon 
film can be effected by heating the film at 550°C for a 
duration of about 4 hours rf a trace amount of nickel or 
palladium, or other elements such as lead, is introduced 
into the surface of the amorphous silicon film. Such ele- 
ments (hereinafter referred to as 'catalyst elements 
capable of promoting the crystallization of an amor- 
phous silicon film" or simply as "catalyst elements'") can 
be introduced to the surface of the amorphous silicon 
film by plasma treatment a by ion implantation tor 
example. Plasma treatment is effected in a plasma C VD 
apparatus in which the catalyst elements are added into 
the amorphous silicon film by generating a plasma in an 
atmosphere such as of gaseous hydrogen or nitrogen 
using an electrode containing the catalyst elements. 
[0005] However, the presence of such catalyst ele- 
ments in large quantity in semiconductor materials is 
not preferred, because the use of such semiconductor 
materials in semiconductor devices greatly impairs the 
reliability and th electric stability of the devices. This 
gives rise to the conflicting requirements that whilst the 
catalyst elements are necessary tor th crystallization 
of the amorphous silicon film, they are preferably not 
much incorporated into th crystallized silicon. In order 



to satisfy these requirements, it is necessary to select 
as the catalyst element an element which tends to be 
inactive in crystalline silicon and to minimize the amount 
of the element that is added to the silicon film. To 
achieve this, the quantity of the catalyst element to be 
incorporated in the film must be controlled with high pre* 
cision. 

[0006] The crystallization process was studied in 
detail by the inventors of the present invention tor the 
case in which nickel was used as the catalyst element, 
and the following findings were obtained as a result: 

(1) In the case where nickel was incorporated by 
plasma treatment into an amorphous silicon fBm, 
the nickel was found to intrude into the film to a con- 
siderable depth before the fim was subjected to 
heat treatment; 

(2) The initial nucleation occurred from the -surface 
at which the nickel was added; 

<3) When a nickel layer was formed on an amor- 
phous silicon fim by vapor deposition, the crystalli- 
zation of the amorphous silicon fim occurred in the 
same manner as in the case where the nickel was 
introduced by effecting plasma treatment; and 
(4) When a relatively targe amount of nickel was 
incorporated into an amorphous silicon film and a 
laser was irradiated onto the amorphous silicon 11m 
tor effecting crystallization of the same or the fim 
was otherwise subjected to heat crystallization, the 
nickel tended to segregate at the surface of the fim 
with the result that the film could not be used as an 
active semiconductor layer. 

[0007] In view of the foregoing, the inventors con- 
cluded that not all of the nickel introduced by plasma 
treatment functions to promote crystallization of the 
amorphous silicon. That is, rf a large amount of nickel is 
introduced, there exists an excess amount of the nickel 
which does not function tor promoting crystallization. 
The inventors considered that it is the point or the face 
at which the nickel contacts the amorphous silicon that 
functions to promote the crystallization of the silicon at 
tower temperatures, and that the nickel therefore has to 
be minutely dispersed in the amorphous silicon in the 
torm of atoms and moreover needs to be dispersed in 
the vicinity of a surface of the amorphous silicon fim. 
Furthermore, the concentration of the nickel should be 
as small as possble but within a range which is suffi- 
ciently high to promote the lower temperature crystalli- 
zation of the amorphous silicon. 
[0008] A trace amount of nickel or other catalyst ele- 
ment capable of accelerating the crystallization of amor- 
phous silicon can be incorporated in the vicinity of a 
surface of an amorphous silicon fRm by. tor exempt , 
vapor deposition. However, vapor deposition is disad- 
vantageous as regards its controllability and is therefore 
not suitable tor precisely controlling the amount of the 
catalyst element that is incorporated in the amorphous 
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silicon film. 

SUMMARY OF THE INVENTION 

[0009] In the light of the aforementioned circum- 5 
stances, a primary object of the present invention rs to 
obtain a crystalline silicon f Im using a catalyst element 
tor promoting crystallization thereof at a lower tempera- 
ture than the temperature which would be needed il the 
catalyst element was not used and desirably at a proc- 
ess temperature no greater than 600° C or less. It is a 
further object of the present invention to control (and 
minimize) the concentration of the catalyst element in 
the crystalline sBicon flm and to improve productivity. 
[00101 In order to achieve the foregoing objects of the 
invention and in accordance with the most generic con- 
cept of the invention, it is the primary feature of the 
present invention to dispose a film which contains a cat- 
alyst element or compound thereof in contact with a sil- 
icon film, and to crystallize the silicon with the aid of the 
catalyst element by diffusing the catalyst into the silicon 
f im. More particularly, rather than introducing the cata- 
lyst element directly to the amorphous silicon flm by a 
process such as CVD. plasma treatment or ion implan- 
tation as has previously been proposed which causes 
the catalyst element to penetrate the silicon in an 
uncontrolled manner giving rise to the disadvantages 
aforementioned, the underlying concept of the present 
invention is to provide a layer or f flm incorporating (but 
not formed from) the catalyst element or a compound 
thereof in contact with the surface of the silicon film by a 
process which does not in itself cause the catalyst ele- 
ment to be introduced into the silicon or at least does 
not cause the catalyst element to be introduced to a sig- 
nificant or substantial extent and. as a separate matter, 
to cause the catalyst element to diffuse from such sur- 
face layer into the silicon. In other words, the layer or 
fim incorporating the catalyst element is initially juxta- 
posed with the silicon film without diffusion of the cata- 
lyst element into the silicon and then process conditions 
are established to diffuse the catalyst element into fhe 
silicon. 

[0011] As will be explained in detail hereinafter, by 
incorporating the catalyst element into a layer which is 
juxtaposed with the amorphous silicon f Rm, the concen- 
tration of catalyst in the layer can readily be determined, 
and likewise the process conditions for effecting diffu- 
sion of the catalyst into the silicon, particularly tempera- 
ture and diffusion time, are readily controll^le As a 
result, the final concentration of the catalyst element in 
the crystalline silicon can readily be controlled and the 
aforementioned difficulties can be avoided with advan- 
tageous results. 

[0012] The fim or layer which incorporates th cata- 
lyst is most conveniently a silicon oxide film, since sili- 
con oxide is the most readily available dielectric for a 
silicon semiconductor device. Th catalyst material can 
be added to a solution which contains silicon oxkj . fol- 



lowing which the solution may be coated on a surface by 
•spin coating or otherwise to form a silicon oxide film 
incorporating a small amount of the catalyst el ment. 
Other materials could however form the basis of the cat- 
alyst containing film providing they can withstand the 
processing temperatures involved in the practice of the 
invention. Thus, for example, the film could be based 
upon alumina which maybe dissolved in an organic sol- 
vent, or could be based upon an organic film such as of 
a photoresist material. 

[0013] The silicon oxide or other film which contains 
the catalyst, either in atomic form or in compound form, 
is disposed in contact with the silicon film, especially but 
not exclusively an amorphous sflicon f Dm, that is to be 
crystallized and the silicon film with the catalyst contain- 
ing film in contact therewith may then be crystallized by 
heat annealing. During the heat annealing, the catalyst 
element diffuses from the silicon oxide or other catalyst 
containing film into the amorphous silicon fim to pro- 
mote the crystallization thereof. 
[0014] In a most preferred embodiment of the present 
invention, a silicon oxide film containing the catalyst ele- 
ment is formed using a solution which on its own can be 
used to form a sflioon oxide film. The catalyst element or 
a compound thereof is introduced into such a solution at 
a predetermined concentration. The use of a silicon 
oxide fim is advantageous because it is easily formed 
by coating the silicon surface with a solution as afore- 
mentioned and can endure high temperatures during 
heat crystallization. An example of a solution for prepar- 
ing a silicon oxide fim to hold a catalyst element is an 
OCD (Ohka Diffusion Source) solution which is manu- 
factured by Tokyo Ohka Co. Ltd. The OCD solution com- 
prises a silanol series monomer or oligomer dissolved in 
an organic solvent such as alcohol or ketone. The OCD 
also contains proper additives such as an organic 
binder, ft is also posstxe to use other solutions in which 
fine particles of silicon oxide are dissolved or Aspersed 
in an organic solvent. For example. NT-L6008, NHC AT- 
732. NHC AT-741 R. and NHC CT-3301. trade names of 
solutions marketed by Nissan Kagaku Kogyo Kabushiki- 
gaishe. may be used as a starting material for the silicon 
oxide fim. 

[001 5] For example, when using the OCD solution and 
nickel as a catalyst element, the following methods may 
be applied. 

(1) Directly adding a nickel compound into the OCD 
solution, or 

(2) Dissolving a nickel compound in a solvent and 
adding the solvent into the OCD solution. 

[0016] In the case of the above method (1). the nickel 
compound has to be soluble in the solvent of the OCD. 
For example, nickel acetyl acetonate or 2-ethyi hexanoic 
acid nickel are usable. 

[0017] In the case of using the abov method (2). a 
solvent such as water, alcohol, ester, or ketone can be 
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used for dissolving a nickel compound. However, it is 
preferable to use a solvent which is a component o( the 
OCDsokifon. 

{0018] Examples of a nickel compound which is usa- 
ble with an alcohol as a solvent are nickel bromide, 
nickel acetate, nickel oxalate, nickel chloride, nickel 
iodide, nickel nitrate, nickel satiate, nickel formate, 
nickel acetyl acetonate, and 4-cyclohexyl nickel butyric 
acid. 

[0019] Also, it is useful to add an interfactal activation 
agent into a solution containing the catalyst. Further, it 
is useful to apply an adhesion improving agent such as 
HNDS (hexamethyl silaxane). tor example. OAF pro- 
duced by Tokyo Ohka Kogyo onto a surface to be 
coated with the solution containing a catalyst element in 
order to increase adhesion therebetween. 
[0020] In the above examples, a nickel compound is 
completely dissolved in a solution. However, it is possi- 
ble to use an emulsion in which elemental nickel or a 
nickel compound is homogeneously dispersed , and to 
add such an emulsion into the OCH 
[0021] Other catalyst elements other than nickel may 
be used in the same manner as explained above. 
[0022] The amount of catalyst to be added into a solu- 
tion should be about 20-5000 ppm. preferably, 200- 
2000 ppm with respect to an OCD solution which con- 
tains silicon oxide at a concentration of 2.0wt%, 
although it depends upon the kind of solution used. 
[0023] Also, it is po6sWe to selectively perform crys- 
tallization of an amorphous silicon flm by applying the 
film or layer containing the catalyst element onto only a 
selected portion of the silicon flm. Crystallization then 
proceeds from the region onto which the silicon oxide or 
other catalyst containing flm is formed towards regions 
onto which the silicon oxide film is not applied. In such a 
case, crystals grow approximately in parallel with a sur- 
face of the silicon f Hm, and the inventors of this invention 
call such a region a lateral p/owth region hereinbeJow. 
[0024] The lateral growth region of the crystalline film 
tends to contain the catalyst element at a lower concen- 
tration as compared with the region onto which the cat- 
alyst containing solution is directly provided. Therefore, 
the lateral growth region is particularly advantageous 
for use as an active region of a semiconductor device 
since the concentration of impurities in ah active region 
should generally be lowered. Accordingly, rt is advanta- 
geous to manufacture a semiconductor device using the 
lateral growth region as an active region thereof. 
[0025] In the description of the present invention tat is 
given herein, nickel is disclosed as the most prefened 
catalyst element However, it is to be understood that 
other catalyst elements may be used in a similar man- 
ner. Examples of such elements Pd. Pt, Cu. AG. Au, In, 
Sn. Pb. P. As and Sb ft is also possble to select one or 
more elements selected from the groups VIII, lib, IVb 
and Vb of the Japanese periodic table of the elements. 
[0026] In the case of using Fe. it is possible to use a 
iron salt, for example, FeBr^l^O. FeBr 3 6H20. 



Fe^HAJaxHjO, feC^Hfi. FeO36H20. 
FeF 3 3H20. FetNOa^HjO, FeatPOJSHaO. and 
FePO^O. 

[0027] In the case of using Co, it is possWe to use a 
s cobalt salt, for example, CoBref-feO, 
Co(C 2 H 3 O 2 ) ? 4H 2 0. CoC^HpO. CoFjxHgO. and 
CoCNO^HgO. 

[0028] In the case of using Ru. rt is possWe to use a 

ruthenium salt, for example. RuC^H^O. 
ro [0029] In the case of using Rh, rt is possWe to use a 

rhodium salt, for example. RhC^H^. 

[0030] In the case of using Pd. it is possible to use a 

palladium salt, for example. PdCI^HjO. 

[0031] In the case of using 6s, h is posstole to use an 
is osmium salt, for example. O6CI3. 

[0032] In the case of using Ir, rt is possible to use an 

indium salt for example. IrCI^HjO and lrCt 4 . 

[0033] In the case of using Pt ft is posstole to use plat- 
inum salt for example. PtCl 4 5H^O. 
20 [0034] In the case of using Cu, it is possMe to use a 

copper compound such as Cu(CH3COO) 2 , CuCI^HgO. 

and CutNO^HjO. 

[0035] In the case of using Au. it is possible to use a 
gold compound such as AUCI3XH2O. AuHC^^O, 

25 AuNaCVHjO. 

[0036] The catalyst element contained in the silicon 
oxide or other film formed on an amorphous silicon flm 
may be diffused into the amorphous si&con fBm by ther- 
mal treatment, resulting in promoting crystallization of 

so the silicon film, ft should be noted that the obtusion coef- 
ficient of a catalyst element in a silicon oxide film is very 
small as compared with that in an amorphous silicon 
11m. For this r eason, the catalyst element which actuaBy 
functions to promote the crystallization is only that por- 

36 tion" of the' catalyst element which exists in the immedi- 
ate vibnrry where the silicon oxide film and the 
amorphous silicon flm juxtaposed. In other words, only 
catalyst material which is located in the interface region 
where the silicon oxide fim contacts the silicon firm drf- 

40 fuses into the silicon fBm. For this reason, the use of a 
catalyst containing silicon oxide film is particularly 
advantageous because the amount of catalyst that ts 
diffused into the silicon film can be made uniform even jf 
the thickness of the silicon oxide fflm is not uniform. 

45 [0037] Also, ft is possixe to control the amount of cat- 
alyst material which diffuses into an amorphous sflioon 
fim during thermal treatment of the same by controlling 
the heating time or the temperature. 
[0038] The method of the present invention as 

so described in the foregoing has the following advan- 
tages: 

(a) The concentration of catalyst in a solution can 
be accurately controlled; 
65 (b) The amount of catalyst element to be incorpo- 
rated into a silicon fim can be del rmined by the 
concentration of the catalyst el merit in the solution 
rt the solution is provided in contact with a surface 
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of the silicon film; and 

(c) A catalyst element which is adsorbed by the sur- 
face of an amorphous siicon flm mainly function as 
a catalyst tor promoting the crystallization so that 
the amount of the catalyst in the silicon can be min- s 
imized. 

[0039] Having descrfeed the present invention in the 
foregoing by reference to specific details of exemplary 
embodiments, H will be appreciated that the present w 
invention provides a method of enhancing the crystallin- 
rty of a semiconductor fim comprising amorphous sili- 
con, said method corrphsing: juxtaposing with a surface 
of said semiconductor flm a solid layer comprising a 
crystallization catalyst incorporated in a carrier material; is 
establishing process conditions such as to cause the 
catalyst to diffuse from the carrier/catalyst layer into the 
juxtaposed semiconductor flm: and annealing the sem- 
iconductor film in order to enhance the crystaflinrty of 
the semicon du ctor film. 20 
[0040] Our European Patent Application No. 
94307966.3 filed 31 October 1994 descrtoes and claims 
a similar but different technique tor obtaining crystalliza- 
tion of silicon f 8ms. particularly amorphous silicon finis. 
In the prior application, a catalyst compound is dis- 25 
solved in a sofvent and the obtained solution is applied 
to an amorphous silicon film. By heating the substrate, 
the sofvent is vaporized and the catalyst compound 
remains on the surface. For example, a nickel acetate 
aqueous solution is coated on a surface and then dried 30 
so that a layer of nickel acetate remains. The present 
invention is an improvement of that method. In accord- 
ance with the present inventions, a nickel compound or 
other catalyst element or compound is introduced into a 
•aticon oxide formation liquid or another film formation 35 
substance. Therefore, the film formed on the amor- 
phous silicon fim is not a catalyst or catalyst compound 
layer itself. Rather, the film mainly comprises silicon 
oxide or another carrier material which contains the cat- 
alyst therein. The advantage of using a earner film 40 
incorporating the catalyst is that the amount of catalyst 
introduced into an amorphous silicon fim can be more 
easily controlled not only because it is possible to con- 
trol the amount of catalyst in the carrier fim but, in the 
case of a nickel catalyst incorporated into a silicon oxide 45 
carrier, also because the diffusion coefficient of nickel in 
the siicon oxide is relatively small. 
[0041] The above and other aspects of the present 
invention are set forth with particularity in the appended 
claims and will be descrbed in the following by refer- so 
ence to specific examples which are illustrated by the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0042] 

Figs. 1 A-1C show a process tor obtaining a crystal- 



line siicon fim in accordanc with Example 1 of the 
invention; 

Figs. show a process tor obtaining a crystal- 
line silicon fim in accordance with Example 2 of the 
invention; 

Figs. 3A and 3B show a process for obtaining a 
crystalline silicon film in accordance with Example 
3 of the invention; 

Figs. 4A-4D show a process tor obtaining a crystal- 
line siicon fim in accordance with Example 4 of the 
invention; 

Figs. 5A-5E show a process of manufacturing a 
TFT in accordance with Example 5 of the invention; 
Figs. 6A-6F show a process of manufacturing a 
TFT in accordance with Example 6 of the invention; 
Figs. 7A-7D show a process of manufacturing a 
TFT in accordance wrth Example 7 of the invention; 
and 

Fig. 8 is an example of an integrated circuit sub- 
strate used in an active matrix liquid crystal device 

DETAILED DESCRIPTION OF THE EXAMP1 F 

[Example 1] 

[0043] In this example, an OCD solution in which a 
catalyst material is contained is coated onto an amor- 
phous silicon film to form silicon oxide and then crystal- 
lization is performed. 

[0044] Flefening to Fig. 1 A, a substrate 1 1 is a Coming 
7059 glass having a dimension 100 mm x 100 mm Ini- 
tially, an amorphous silicon film 12 is formed by a known 
plasma CVD or LPCVD method to a thickness of 100 
1500 A. for example. 1000 A. 

[0045] The formed amorphous silicon film 12 is 
treated with a hydroftooric acid in order to remove con- 
taminants or natural oxide formed thereon. Subse- 
quently, an oxide fim 13 which contains nickel as a 
catalyst element is formed in the following manner. 
[0046] Initially, an OCD solution {OCD Type 2 Si 
59000 produced by Tokyo Ohka) is prepared. Also, 
nickel(ll) acetylacetonate is dissolved in methyl acetate. 
These solutions are mixed in such a manner that the 
concentration of Si0 2 is controlled to be 2.0 weight % 
and that of nickel is 200 - 2000 pom This means that 
the ratio of nickel with respect to silicon oxide in the film 
is 1 : 0.1 to 1 :0.01. 

[0047] A quantity of 10 ml of the foregoing mixed solu- 
tion is dropped onto the surface of the amorphous sili- 
con film 12 following which the substrate is rotated at 
2000 rpm for 15 seconds by means of a spinner 15 to 
perform spin coating. Then, prebaking is performed at 
250 °C for 30 minutes in order to obtain a silicon oxide 
fim 13 having a thickness of 1300 A which contains 
nickel therein. The t mperatue of the prebaking may be 
determined depending upon the decomposition 1 mper- 
atur of the nickel compound used. Also, the thickness 
of the silicon oxide film can be arbitrarily determined by 
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controlling the rotation speed of the spin coating or the 
concentration of the silicon oxide with respect to the 
solution. The inventors consider from their experiments 
tat a thickness of 200 - 1300 A is appropriate. 
[0048] Then, the above structure is heated in a fur- s 
nace at 550 "C for 4 hours in a nitrogen atmosphere. As 
a result, a silicon flm 12 having good crystatlinrry is 
obtained on the substrate 11. The temperature of this 
heat treatment is preferably 450 °C or higher, tf ft is 
below 450°C. the time of the heat treatment has to be 
lengthened so that productivity is reduced. Also, when 
the temperature is higher than 550 *C, care should be 
taken concerning the; heat resistivity of the glass sub- 
strate. 

[0049] ft is to be understood that the silicon oxide film 
containing the catalyst element may be formed below 
the amorphous silicon fim. in such a case, the mixed 
solution abovementioned is coated on the substrate so 
as to form a catalyst containing silicon oxide film on the 
substrate, following which an amorphous silicon film is so 
formed. In this case, the silicon oxide film may have a 
function of a blocking layer on the glass substrate. 
[0050] Also, the concentration of nickel in the OCD 
solution should be determined depending upon the con- 
centration of SH) 2 in the solution. H is necessary to take 25 
into consideration that the amount of nickel which dif- 
fuses from the silicon oxide film into the silicon is influ- 
enced by the time and the temperature during the heat 
annealing. 

30 

[Example 2] 

[0051] In this example, a silicon oxide film containing 
nickel is selectively formed on an amorphous silicon 
flm. 56 
[0052] Referring to Fig. 2A, a Corning 7059 glass of 
10 centimeters square is used as a substrate 21. An 
amorphous silicon film 22 is formed on the substrate 21 
through a known plasma CVO method to 1000 A thick- 
ness. 40 
[0053] After treating the amorphous silicon film 22 
with hydrofluoric acid to remove contaminants or natural 
oxide formed thereon, a silicon oxide film 23 containing 
nickel is formed on a selected portion of the film in a 
manner described below. 46 
[0054] Initially, nickel (II) acetyl acetonate is directly 
mixed in an OCD solution (OCD Type 2 Si 20000 pro- 
duced by Tokyo Ohka). The concentration of the nickel 
element in the OCD solution is controlled to be 200 -' 
2000 pom. so 
[0055] 10 ml of the above solution is dropped onto the 
surface of the amorphous silicon fim 22 following which 
spin coating is carried out using a spinner at 2000 rpm 
for 15 seconds. A nickel containing silicon xide f im 23 
of 300 A thick is formed by prebaking at 250 °C for 30 as 
minutes. The temperature of the prebaking is det r- 
mined in view of the tact that the decomposition of th 
nickel (II) acetylacetonate is completed at about 235°C. 



Furthermore. H the temperature of the prebaking is too 
high, the nickel element tends to diffuse into the amor- 
phous silicon film during the prebaking. 
[0056] Then the silicon oxide film 23 is patterned into 
a desired pattern by a known photolithography process. 
[0057] The patterning is easily done using 1/100 HF 
because the etching rate of the silicon oxide film 23 
formed from the OCD solution is as fast as several tens 
of angstroms per second. Accordingly, the silicon oxide 
fim can be patterned without damaging the silicon fim 
22. As a result, a pattern of silicon oxide film 23 is 
formed on a selected portion of the amorphous sBtcon 
flm to which nickel is introduced as shown in Fig. <2B. 
Also, rt is possible to use dry etching if one wishes to 
obtain a more excellent pattern. 
[0058] Then, a photoresist (not shown) which was 
used in the above pattering is removed and the surface 
is washed with a very weak hydrofluoric add solution 
(less than 1/100). The strength of the hydrofluoric acid 
solution should be such that it does not damage the sil- 
icon oxide film 23. 

[0059] Then, the above structure is furnace annealed 
at 550 °C for 4 hours in a nitrogen atmosphere in order 
to crystallize the silicon fim 22 in the same manner as 
in Example 1 . However, the crystal growth in the present 
example differs from Example 1 in that the crystals grow 
laterally from a region 24 toward a region 25 as shown 
by arrows in Fig. 2C. The regions denotes a region 
into which the nickel is directly introduced from the sili- 
con oxide film formed thereon, the region 25 denotes a 
region into which the nickel was not directly introduced. 
The direction of the crystal growth in the lateral growth 
region is substantially aligned with an axis of [1 1 1]. 
[0060] The concentration of the nickel in the region 24 
can be controlled within a range of 1 X 10 16 to 1 X 10 19 
atoms/cm 3 by controlling the density of the solution, the 
heat treatment temperature and time. The concentra- 
tion of the nickel in the region 25 is less than that Also, 
it should be noted that the concentration of the nickel in 
the silicon film is hardly influenced by the thickness of 
the silicon oxide film if the thickness is larger than a cer- 
tain value. This is because the diffusion coefficient of 
nickel within the silicon oxide is very small so that it |6 
only a portion of the silicon oxide film ranging several 
tens of angstroms in the vicrnrty of the interlace with the 
silicon film 22 from which nickel diffuses into the silicon 
fim as a catalyst. 

[0061 ] The crystalline silicon film thus obtained has an 
improved resistivity against hydrofluoric acid as com- 
pared with the case in which nickel is introduced 
through a plasma treatment For example, when H is 
necessary to pattern a silicon oxide film which is formed 
over a crystalline silicon film as an interlayer insulator or 
a gat insulator to form a contact hole, a buffer 
hydrofluoric acid is usually used as an etchant. K the 
crystalline silicon film d es not have enough resistance 
against the hydrofluoric acid, it is drfficuh to selectively 
remove nly the silicon oxide film without damaging the 
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silicon fflm. However, in th case of the present inven- 
tion, a large selection ratio (i.e. the difference in the 
etching rate of the silicon oxide film and the crystalline 
silicon film) can be obtained so as to remove the silicon 
oxide fim atone. 5 
[0062] As said above, the lateral growth region has a 
smaller concentration of catalyst element and has 
excellent crystallirvty. Therefore, this region can be used 
as an active region of a semiconductor device such as a 
thin flm transistor. . ?o 

[Example 3] 

[0083] Another example of selectively introducing a 
catalyst element win be described in this example. 15 
Referring to Fig. 3A. an amorphous sSicon film 32 is 
formed on a glass substrate 31 to a thickness of 1000 A 
through a known plasma CVD. Then, a silicon oxide film 

33 is formed to a thickness of 1000 A following which it 

is patterned to form a mask. 20 
[0064] After removing contaminants or natural oxide 
from the surface by using hydrofluoric acid, a silicon 
oxide film 34 which contains nickel as a catalyst rs 
formed in a manner descrbed below. 
[0065] Initially, a 2 -ethyl hexanoic acid nickel solution 2s 
is mixed into an OCD solution (OCD Type 2 Si 59000 
produced by Tokyo Ohka) in such a manner that the 
concentration Of SK>2 in the solution is 4.0 wt% and 
that of nickel is 200 - 2000 ppm. 

[0066] An amount of 10 ml of the above solution is 30 
dropped onto a surface of amorphous silicon f ilm 32 fol- 
lowing which a spin coating is performed using a spin- 
ner at 2000 rpm for 15 seconds. As a result, the step 
caused by the mask 33 is almost removed from the sur- 
face. Then, prebalangis performed at 350 °C tor 60 rnin- 35 
utes in order to form a silicon oxide film 34 which 
contains nickel. During the prebaking, the nickel dif- 
fuses into the amorphous silicon film 32 from the region 
35. Accordingly, the amount of nickel diffused into the 
silicon f 9m may be controlled by changing the time and 40 
temperature of the prebaking 

[0067] After the above prebaking. the silicon oxide film 

34 is removed if necessary to leave the portion 35 of the 
silicon film as shown in Fig. 3B, Also, the region 35 con- 
tains nickel at a very high concentration. The silicon 45 
oxide fim 34 which is formed from an OCD solution can 

be easily removed as said before. 
[0068] Then, the amorphous silicon fim 32 is crystal- 
lized by healing at 550°C tor 4 hours in a nitrogen 
atmosphere. At this time, crystals grow from a re gion 36 so 
to a region 37 as shown by arrows in the figure. The 
region 36 is a region into which the nickel is directly 
introduced while the region 37 is a region to which the 
nickel is not directly introduced. 

[0069] A surface of the region 37 of the crystalline si I- 55 
icon flm has a {111} plane. This is because the crystal 
growth occurs in th region 37 with its surface covered 
with the silicon oxide fim. On th other hand, the lat ral 



yowth region 25 in Example 2 does not have a {1 1 1] 
plane. This is because th crystal growth occurs in the 
region 25 with its surface uncovered, namely, the sur- 
face is a free surface. 

[Example 4] 

[00701 In this example, a crystallized slicon film 
formed in accordance with the present invention is fur- 
ther inadiated with a laser light to improve crystaJlinrty. 
Referring to Fig. 4A. an amorphous silicon fim 42 is 
formed to a thickness of 1000 A by a known plasma 
CVD on a Coming 7059 glass substrate 41 of a 10 cen- 
timeters square. 

[0071] After treating the amorphous silicon fBm 44 
with hydrofluoric acid to remove contaminants or natural 
oxide formed thereon, a silicon oxide film 43 containing 
nickel is formed on a selected portion of the fim in a 
manner descrbed below. 

[0072] Initially, nickel (II) acetylacetonate is directly 
mixed in an OCD solution (OCD Type 2 Si 20000 pro- 
duced by Tokyo Ohka). The concentration of the nickel 
element in the OCD solution is controlled to be 200 - 
2000 ppm. 

[0073] 10 ml of the above solution is dropped onto the 
surface of the amorphous silicon film 22 following which 
a spin coating is carried out using a spinner at 2000 rpm 
tor 15 seconds A nickel containing silicon oxide film 43 
of 1 300 A thick is formed by a prebaking at 250°C for 30 
minutes. The temperature of the prebaking is deter- 
mined in view of the fact that the decomposition of the 
nickel (II) acetylacetonate is completed at about 235°C. 
However, if the temperature of the prebaking is too high, 
the nickel element tends to diffuse into the amorphous 
silicon film during the prebaking. 
[0074] Then the silicon oxide film 43 is patterned into 
a desired pattern through a known photolithography 
process. The patterning is easily done using 1/100 HF 
because the etching rate of the silicon oxide film 43 
formed from the OCD solution is as fast as several tens 
of angstroms per second. Accordingly, the silicon oodde 
fim can be patterned without damaging the silicon oxide 
fim 42. As a result, a pattern of silicon oxide film 43 is 
formed on a selected portion of the amorphous silicon 
fim to which nickel is introduced as shown in Rg. 4B. 
[0075] Then, a photoresist which was used in the 
above patterning step is removed and the surface is 
washed with a very dilute hydrofluoric acid solution (less 
than 1/100). The strength of the hycfrofluoric acid solu- 
tion should be such that rt does not damage the silicon 
oxide fim 43. 

[0076] Then, the above structure is furnace annealed 
at 5SO°C tor 4 hours in a nitrogen atmosphere in order 
to crystallize the silicon film 42. the crystals grow later- 
ally from a region 44 toward a region 45 as shown by the 
arrows in Rg. 4C. The region 44 denotes a region into 
which the nickel is directly introduced by the silicon 
oxide film formed thereon while the region 45 denotes a 
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region into which the nickel was not directly introduced. 
The direction of the crystal growth in the lateral gjowth 
region is substantially aligned with the crystalline axis of 
1111] 

[0077] The concentration of the nickel in the region 44 s 
can be controlled within a range of 1 x 10 16 to 1 x 10 19 
atoms/an 3 by controlling the density of the solution, the 
heat treatment temperature and time. The concentra- 
tion of the nickel in the region 45 can be made less than 
that. Also, it should be noted that the concentration of io 
the nickel in the silicon film is hardly influenced by the 
thickness of the silicon oxide film if the thickness is 
larger than a certain value. 

[0078] In the present example, the entire surface of 
the crystallized silicon fim thus obtained is further irra- 75 
dieted with a laser light 46 as shown in Fig. 4D in order 
to further increase the crystaflinrty. For example, a KrF 
excimer laser (wavelength: 248 nm) wfth a power den- 
sity 200 mj/cm 2 to 350 mJ/cm 2 , for example. 350 
mJ/cm 2 is used. *° 
[0079] At this irradiation, since the region 44 to which 
the nickel is directly introduced is poorer in resistivity 
against laser irradiation than the region 45. the silicon 
oxide film 43 functions as a blocking layer against the 
laser tight. 

[0060] Also, when the laser irradiation is performed 
with the silicon oxide fim 43 formed thereon, it is desir- 
able not to heal the substrate so much in order to pre- 
vent nickel from diffusing from the silicon oxide fim 43 
into the silicon fim. For example, the substrate should 30 
be maintained at a temperature not higher than 300 *C. 
Alternatively, if the silicon oxide fim 43 is removed 
before the laser irradiation, the substrate may be healed 
to a higher temperature during the laser irradiation. 
However, the intensity of the laser beam has to be con- 36 
trolled in order not to damage the region 44 . 
[0061 ] Thus, it is possible to further increase the crys- 
tallin'ity of the silicon film as compared with the case in 
which only a laser irradiation is used tor crystallization. 
[0062] Also, instead of a laser, H is possible to use 40 
other intense light sources such as a flash lamp, in par- 
ticular, infrared ray irradiation. Since infrared ray is not 
so absorbed by a glass substrate, it is possible to heat 
only the silicon film. This irradiation is generally called 
rapid thermal annealing (RTA) or rapid thermal process 46 
(RTP). 

[Example 5] 

[0063] An example of manufacturing a TFT as a pixel so 
TFT in accordance with the present invention will be 
described in this example The FFT can be used as a 
switching element which is provided in each pixel of an 
active matrix liquid crystal device. Also, the TFT may be 
used in a so called thin film integrated circuit 55 
[0064] Referring to Fig. 5A. a glass substrate 1 1 hav- 
ing a silicon oxide layer of 2000 A (not shown) as an 
impurity blocking layer is prepared. On the substrate, an 



amorphous silicon film 104 is formed to 1000 A thick 
through a known plasma CVD. On the amorphous sili- 
con film 104, a nickel containing silicon oxid fim 100 is 
formed in the same manner as descrbed in Example 1 . 
[0085] The amorphous silicon film is crystallized by 
heat annealing with the silicon oxide 100 formed ther- 
eon. After the crystallization, the silicon oxide fim 100 is 
removed by using a buffer hydrofluoric acid, toiowing 
which the crystalline silicon film is patterned into a sii- 
con island 116 as shown in Fig 56. Source, dram and 
channel regions are to be formed in the silicon island 
116. 

[0086] Then, referring to Fig 5B, a silicon oxide fim 
105 is formed to a thickness of 200 - 1500 A. for exam- 
ple. 1000 A as a gate insulating film. The silicon oxide 
fim 105 is deposited by means of RF plasma CVD proc- 
ess using TEOS (tetraethoxysilane). That is, TEOS rs 
decomposed and then deposited together with oxygen 
at a substrate temperature of 150 to 600°C. preferably 
in the range of 300 to 450°C. The pressure ratio of 
TEOS and oxygen is 1:1 to 13 with a total pressure of 
0.05 to 0.5 Ton. An RF power is 100 to 250 W. Other- 
wise, the silicon oxide film can be formed by reduced 
pressure CVD or normal pressure CVD using TEOS as 
the starting gas together with gaseous ozone, while 
maintaining the substrate temperature in the range of 
from 350 to 600°C. preferably, in the range of from 400 
to 550°C. The film thus deposited is annealed in oxygen 
or under ozone in the temperature range from 400 to 
600°C tor a duration of from 30 to 60 minutes. 
[0087] Then, optionally, a KrF excimer laser (wave- 
length 248 nm, pulse width 20 nsec) or an intense light 
equivalent thereto is irradiated in order to improve the 
crystaBinity. In particular, an application of RTA (rapid 
thermal annealing) using infrared radiation is particu- 
larly effective because the silicon film can be heated 
selectively without heating the glass substrate. Moreo- 
ver. RTA is especially useful in the fabrication of insu- 
lated gate field effect semiconductor devices because it 
decreases the interface level between a silicon layer 
and a silicon oxide film. 

[0088] Subsequently, an aluminum film is deposited to 
a thickness of 2.000 A to 1 mm through an electron 
beam evaporation, and is patterned to form a gate elec- 
trode 106. The aluminum fim may contain scandium at 
0.15 - 0.2 weight %. The substrate is then immersed 
into an ethylene glycol solution controlled to a pH of 
about 7 and containing 1 to 3% tartaric acid to effect an 
anodic oxidation using platinum as a cathode and the 
aluminum gate electrode as an anode. The anodic oxi- 
dation is effected by first increasing the voltage to 220 V 
at a constant rate, and then holding the voltage at 220 V 
for 1 hour to complete the oxidation. During maintaining 
the constant current condition, the voltage is preferably 
increased at a rate of from 2 to 5 V/minute. An anodic 
oxide 109 is formed at a thickness of from 1,500 to 
3,500 A, tor example. 2.000 A. 
[0089] Then, referring to Fig. 5C. phosphorous ions 
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ar introduced into a portion of the silicon island by an 
ion doping method (also called plasma doping) using 
the gat electrode portion as a mask in a self- align- 
ment manner. As a doping gas, phosphine (PH3) is 
used. The dose amount is 1 - 4 X 10 15 atoms/cm 2 . Fur* 
ther, a KrF excimer laser (wavelength 248 nm, pulse 
width 20 nsec) is irradiated in order to cure the crystal- 
linrty which has been damaged due to the ion doping. 
The energy density of the laser is 150-400 mj/cm 2 , 
preferably, 200 - 250 mJ/cm 2 . Thus, rvtype impurity 
regions 108 and 109 are formed. The sheet resistance 
in these regions is 200 * 800 Ofcquare. 
[0090] This step of laser annealing can be replaced by 
an RTA process, i.e., a rapid thermal annealing process 
using 8 flash lamp, which comprises elevating the tem- 
perature of the silicon fim rapidly to a range of from 
1,000 to 1 ,200 °C (as measured on the silicon monitor). 
[0091] Referring to Fig. 5D, a silicon oxide film is 
deposited thereafter to a thickness of 3,000 A as an 
intertayer insulator 110 by means of plasma CV using 
TEOS together with oxygen, or by means of reduced 
pressure CVD or normal pressure CVD using TEOS 
together with ozone. The substrate temperature is in the 
range of 250 to 450* C, for instance. 350°C. A smooth 
surface is obtained thereafter by mechanically polishing 
the resulting silicon oxide film. An (TO coating is depos- 
ited thereon by sputtering, and is patterned to provide a 
pixel electrode 111. 

[0092] The intertayer insulator 110 is etched to form 
contact notes in the sourceAfrain as shown in Fig. 5E. 
and interconnections 112 and 113 are formed using 
chromium or titanium nitride to connect the interconnec- 
tion 113 to the pixel electrode 1 1 1 . 
[0093] Since the crystalline silicon film formed in the 
present invention has a sufficient resistance against 
hydrofluoric acid, H is possWe to use a hydrofluoric acid 
aqueous solution of 10 ppm aqueous to form the con- 
tact holes with a good reliability. 
[0094] Finally, the structure is annealed in hydrogen in 
a temperature range of 300 to 400 °C for 0.1 to 2 hours 
to hydrogenize the sflicon film. Thus, a TFT is manufac- 
tured. A plurality of TFTs having the same structure may 
be simultaneously formed on the same substrate in 
order to form an active matrix circuit of a liquid crystal 
device. The TFT shown in Fig. 5E has source and drain 
regions 108 and 109 and a channel region 114. Also, 
the reference numeral 115 shows an Nl junction. 
[0095] In accordance with the present example, the 
concentration of the nickel contained in the active layer 
is in the range of 1 X 10 16 to 3 x 10 18 atoms /cm 3 . 

[Example 61 

[0096] In this example, an active region of a semicon- 
ductor device is formed by using a region of a crystalline 
silicon film in which crystals grow in a lateral direction 
(i.e. parallel with a substrate surface). By using such a 
region, it is posstte to reduce the cone ntration of cat- 



alyst element in the active region. Thus, electrical char- 
acteristics and reliability of a device can be improved. 
[0097] This example is particularly drected to the 
manufacture of a TFT used to control a pixel of an active 
5 matrix device. Figs. 6A-6F are cross sectional views for 
showing the manufacture of the TFT in accordance with 
this example. 

[0098] Referring to Fig.6A. a substrate 501 is washed 
and provided with a silicon oxide fSm 202 on its surface. 

10 The silicon oxide fflm 202 is formed through a plasma 
CVD with oxygen and tetraethoxysilane used as starting 
gases. The thickness of the silicon oxide film is 2000 A, 
for example. Then, an amorphous silicon fim 203 of an 
intrinsic type of a thickness of 500-1500 A. for example, 

is 1000 A is formed on the silicon oxide film 202, following 
which a silicon oxide film 205 of 500 - 2000 A, tor exam- 
ple 1000 A is formed on the amorphous silicon film suc- 
cessively. Further, the silicon oxide film 205 is 
selectively etched in order to form an opening 206 at 

20 which the amorphous silicon film is exposed. 

{0099] Then, a silicon oxide fim 207 containing nickel 
for promoting crystallization of silicon is formed in the 
same manner as in Example 3. 
[0100] After the prebaking as discussed in Example 3, 

25 the silicon oxide film 207 is removed and the substrate 
is annealed at 500 - 620 X for 4 hours in a nitrogen 
atmosphere to crystallize the silicon film 203. The crys- 
tallization starts from the region under the opening 206 
where the silicon film directly contacts the nickel con- 
so taining silicon oxide fim and further proceeds in a direc- 
tion parallel with the substrate. In the figure, a reference 
numeral 204 indicates a region of the silicon film where 
the silicon film is directly added with nickel and crystal- 
lized while a reference numeral 203 indicates a portion 

35 where the crystal grows in a lateral direction. The crys- 
tals grown in the lateral direction are about 25 Wm in 
length. Also, the direction of the crystal growth is 
approximately along the crystalline axis of [111]. 
[01 01] After the crystallization, the silicon oxide film 

40 205 is removed. A! this time, an oxide fim which exists 
on the silicon film in the opening 206 is simultaneously 
removed. Further, the silicon film is patterned by dry 
etching to form an active layer 208 in the torm^of an 
island as shown in Fig. 6B. rt should be noted that the 

46 nickel is contained in the silicon film at a higher concen- 
tration not only under the opening 206 where, the nickel 
is directly added but also at a portion where top ends of 
the crystals exist. The patterning of the silicon film 
should be done in such a manner that the patterned sil- 

so icon film 208 should not include such portions in which 
nickel is contained at a higher concentration. 
[01 02] Referring to Fig. 6B. the patterned active layer 
208 is then exposed to an atmosphere containing 100 
% aqueous vapor of 10 atm at 550 - 600 °C, typically. 

55 550 °C for one hour in order to oxidize the surface 
thereof and thus to form a silicon oxid fim 209 of 1000 
A. After th xidat n, the substrate is maintained in an 
ammonium atmosphere (1 atm. 100%) at 400 'C. At this 
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condition, the silicon oxide film 209 is irradiated with an 
infrared light having an intensity peak at a wavelength in 
the range of 0.6 - 4 mm, for example, 0.8 - 1 .4 mm lor 30 

- 180 seconds in order to nitride the silicon oxide 13m 
209. HCJ may be added to the atmosphere at 0.1 to 10 s 
%. A halogen lamp is used as a light source of the infra- 
red light The intensity of the 1R light is controlled so that 

a temperature on the surface of a monitoring single 
crystalline silicon wafer is set between 900 - 1200 °C. 
More specifically, the temperature is monitored by w 
means of a thermocouple embedded in a single crystal 
slicon water and is transferred back to the IR tight 
source (feed back). In the present example, the temper- 
ature rising rate is kept constant in the range of 50 - 
200°Osec. and also the substrate is cooled naturally at T 5 
20 - 100°C/sec. Since the IR light can heat the silicon 
film selectively, ft is possible to minimize the heating of 
the glass substrate 

[0103] Referring to Fig. 6C, an aluminum film is 
formed by sputtering to a thickness of 3000 - 8000 A. tor so 
example. 6000 A and then patterned into a gate elec- 
trode 210. The aluminum film may preferably contain 
scandium at 0.01 - 0.2 % 

[0104] Then, as shown in Rg. 6D. the surface of the 
aluminum electrode is anodic oxidized to form an anodic 2S 
oxide film 21 1 . The anodic oxidation is performed in an 
ethylene glycol solution containing a tartaric acid at 1-5 
%. The thickness of the anodic oxide film is 2000 A. The 
thickness of the anodic oxide film 21 1 will determine the 
thickness of an offset gate area as discussed below. so 
[0106] Referring then to Fig. 6E. using the gale elec- 
trode and the surrounding anodic oxide fim as a mask, 
an N-type conductivity impurity (phosphorous, here) is 
introduced into the active layer in a self-aligning manner 
by ion doping method in order to form impurity regions 36 
212 and 213. Pbosphine (PH3) is used as a dopant gas. 
The acceleration voltage is 60 - 90 kV. for example. 80 
kV. The dose amount is 1 X 10 15 - 8 x 10m 16 cm' 2 , tor 
example. 4 X 10 15 cm* 2 . As can be seen in the drawing, 
the impurity regions 212 and 213 are offset from the 40 
gate electrode by a distance Y. This configuration is 
advantageous tor reducing a leak current (off cunent) 
which occurs when applying a reverse bias voltage (i.e. 
a negative voltage in the case of an MTFT) to the gate 
electrode In particular, since ft is desired that electric 46 
charges stored in a pixel electrode be maintained with- 
out leaking in order to obtain an excellent display, the 
offset configuration is particularly advantageous when 
the TFT is used for switching a pixel of an active matrix 
as is the case in the present example. so 
[0106] Thereafter, an annealing is performed with a 
laser irradiation. As a laser, a KrF exbmer laser (wave- 
length: 248 nm, pulse width: 20 nsec.) or other lasers 
may be used. The conditions of the laser irradiation in 
the case of KrF excimer laser are: energy density is 200 66 

- 400 mJ/cm 2 , for example, 250 mj/cm 2 , a number of 
shots is 2 - 10 shots per on site, for example, 2 shots. 
Preferably, the substrate is heated to 200 - 450°C to 



enhance the effect of the irratfafon. 
[01 07] Refening to Fig. 6F, an intertayer insulating film 
214 of silicon oxide is formed through a plasma CVD to 
a thickness of 6000 A. Further, a transparent polyimide 
fim 215 is tormed by spin coating to obtain a leveled 
surface. Then, a transparent conductive fim made of 
indium tin oxide tor example is formed on the leveled 
surface by sputtering to a thickness of 800 A and pat- 
terned into a pixel electrode 216. 
[01 08] The interlayer insulating films 214 and 21 5 are 
provided with contact holes therethrough, through 
which electrode/wirings 2 1 7 and 2 1 8 are tormed to con- 
tact the impurity regions of the TFT. The electrodeAvir- 
ings 217 and 218 are formed of a metallic material, for 
example, a mufti -layer of titanium nitride and aluminum. 
Finally, an annealing in a hydrogen atmosphere of 1 aim 
is carried out at 350°C for 30 minutes in order to com- 
plete a pixel circuit of an active matrix circuit having 
TFTS. 

[Example 7] 

[0109] This example is directed to manufacture of a 
TFT and will be described with reference to Figs. 7A - 
7D. 

[01 1 0] Referring to Fig. 1 1 A, a base film 502 of silicon 
oxide is initially formed on a Corning 7059 substrate 501 
by sputtering to 2000 A thick. The substrate is prefera- 
bly annealed at a temperature higher than a distortion 
point of the substrate following which the glass is cooled 
to a temperature less than the distortion point at a rate 
of 0.1 - 1.0°CAninute. Thereby, rt is possible to reduce a 
contraction of the substrate due to a substrate heating 
which occurs later (tor example, thermal oxidation, ther- 
mal annealing), as a result a mask alignment process 
will be facilitated. This step may be performed either 
before or after the formation of the base fim 502 or it 
may be done both before and after the formation of the 
base film 502. In the case of using the Corning 7059 
substrate, the substrate is heated at 620 - 660 °C for 1 - 
4 hours, following which it is cooled at 0.1 - 0.3 °C per 
minute and taken out from a furnace when temperature 
decreases to 400- 500 °C. ; 
[0111] Then, an intrinsic (l-type) arnorphous silicon 
fim is formed to 500 1500 A thick, for example, 1000 A 
through a known plasma CVD. The amorphous silicon 
fim is crystallized in the same manner as in Example 1 . 
Therefore, redundant explanation will be omitted. After 
the crystallization, the silicon film rs patterned into an 
island form of 10 - 1000 microns square. Accordingly, a 
crystalline silicon film 503 in the form of an island is 
formed as an active layer of a TFT as shown in Fig. 7 A- 
[01 12] Referring to Fig. 7B, the surface of the silicon 
fim is oxidized by exposing the surface to an oxidizing 
atmosphere to form an oxide fim 504. The oxidizing 
atmosphere contains an aqueous vapor at 70-90 %. 
The pressur and the temperature of the atmosphere is 
1 atm and 500 - 750 °C, typically 600 °C. The atmos- 
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phere is produced by a pyrogen* reaction from oxygen 
and hydrogen gases with a hydrogen/oxygen ratio being 
1.5 - 1.9. The silicon film is exposed to the thus formed 
atmosphere tor 3 - 5 hours. As a result, the oxide film 
209 having a thickness of 500 - 1500 A, tor example, 5 
1000 A is termed. Since the surface of the silicon film is 
reduced (eaten) by 50 A or more due to the oxidation, 
an influence of a contamination of the upper most sur- 
face of the silicon film does not extend to the silicon&li- 
con oxide interface. In other words, by the oxidation, it is 
possible to obtain a clean siltcon&ificon oxide interlace. 
Also, since the thickness of the silicon oxide film is two 
times the thickness of the portion of the silicon film to be 
oxidized, when the silicon film is originally 1000 A thick 
and the obtained silicon oxide film is 1000 A thick, the 
thickness of he silicon film remaining after the oxidation 
is 500 A. 

(0113] General* the thinner a silicon oxide fim (a 
gate insulating film) and an active layer are, the higher a 
mobifty is and the smaler an off current is. On the other 
hand, a preliminary crystallization of an amorphous sili- 
con film is easier when its thickness is thicker. Accord- 
ingly, there is a contradiction in the crystallization 
process and electrical characteristics with respect to the 
thickness of the active layer. .The present example 
solves this problem. That is, the amorphous silicon fBm 
having a larger thickness is initially formed so that a bet- 
ter crystalline silicon tarn can be obtained, following 
which the thickness of the silicon film is reduced by the 
oxidation, resulting in ah improvement of characteristics 
of the active layer of a TFT Moreover, an amorphous 
component or grain boundaries contained in the crystal- 
line siicon fim tend to be oxidized during the thermal 
oxidation, resulting in a decrease in recombination cent- 
ers contained in the active layer. As a result the produc- 
tion yield can also be improved. 
[0114] After the formation of the silicon oxide fim 209 
through thermal oxidation, the substrate is annealed in 
a 100% monoxide dinhrogen atmosphere at 1 atm and 
6CXTC tor 2 hours. 

[0115] Referring to Fig. 6C, silicon containing 0.01 to 
0.2 % phosphorous is deposited through low pressure 
CVD to 3000 - 8000 A thick, for example, 6000 A, and 
ten patterned into a gate electrode 505. Further, using 
the gate electrode 505 as a mask, an N-type conductiv- 
ity impurity is added into a portion of thetrve layer in a 
self -algning manner by ion doping. Phosphine is used 
as a dopant gas. The acceleration voltage is 60 - 90 kV, 
tar example. 80 kV. The dose amount is, 1 x 10 15 to 8 x 
10 15 atoms/cm 2 for example. 5 x 10 15 cm 2 . Thus, re- 
type impurity regions 506 and 507 are formed. Also, a 
channel region 51 1 is simultaneously formed in a setfe- 
ligning manner. 

[0116] Thereafter, an annealing is performed with a 
KrF excimer laser (wavelength 248 nm. pulse width 20 
nsec). The laser annealing may be replaced by a lamp 
annealing with a near infrared ray. The near infrared ray. 
is absorbed by crystalline silicon mor effectively than 



by amorphous silicon. Accordingly, the use of a near 
infrared ray is comparable with a thermal annealing at 
1000 °C or more. On the other hand, H is possible to 
prevent the glass substrate from being detrimentally 
heated inasmuch as the near infrared ray is not so 
absorbed by the glass substrate. That is. while a far 
infrared ray is absorbed by a glass substrate, visible or 
near infrared ray of which wavelength ranges from 0.5 - 
4 mm are not so absorbed. Accord ngry, H is possfcle to 
anneal the silicon fBm tor a short duration without heat- 
ing the glass substrate and causing a contraction. 
[01 1 7] Referring to Fig. 7D. an intertayer insulating fim 
508 of silicon oxide is for med to 6000 A thick by plasma 
CVD. A potyimide may be used instead of silicon oxide. 
Further, contact holes are formed through the insulating 
fim. Electrode/wirings 509 and 510 are formed through 
the contact holes by using a multilayer of titanium nitride 
and alum'rum films. Finally, an annealing in a hydrogen 
atmosphere is conducted at 350°C and 1 atm for 30 
minutes. Thus, a TFT is completed. 
[0118] The mobility of the thus formed TFT is 110 - 
150 or? /Vs. The S value is 0.2 - 0.5 VAdigit. Also, in the 
case of forming a P-channel type TFT by doping boron 
into source and *ain regions, the mobility is 90 - 120 
CM2/VS and the S value is 0.4 - 0.6 V/digrt The mobility 
in accordance with the present example can be 
increased by 20 % or more and the S value can be 
reduced by 20 % or more as compared with a case 
where a gate insulating film is formed by a known PVD 
or CVD. 

[0119] Also, the reliability of the TFT in accordance 
with the present example is comparable to that of a TFT 
which is produced through a thermal oxidation at a tem- 
perature as high as 1 000°C. 

[Example 8] 

[0120] Fig. 8 shows an example of an active matrix 
type liquid crystal device in accordance with the present 
example. 

[0121] In the figure, reference numeral 61 shows a 
glass substrate, and 63 shows a pixel area having a plu- 
rality of pixels of several hundreds x several hundreds in 
the form of a matrix each of which is provided with a 
TFT as a switching element. Reference numeral €2 
shows peripheral driver regions) in which a driver cir- 
cuit and a decoder circuit are formed by using TFTs tor 
driving the TFTs of the pixel area. The pixel area 63 and 
the driver region 62 are united oh the same substrate 
61. 

[01 22] The TFTs provided in the driver region 62 need 
to have a high mobility in order to allow a large amount 
of electric current to pass therethrough. Also the TFTs 
provided in the pixel area 63 need to have a lower leak 
curr nt property in order to increase a charge retention 
ability of pixel electrodes. For example, the TFTs for the 
driver circuit in the peripheral area can be manufactured 
in accordance with the present invention whil the TFTs 
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tor the pixel area is not intentionally added with a cata- 
lyst Namely, an amorphous silicon tfm is initially 
formed on th entir surface of the substrate. Then, the 
catalysi such as nickel is selectively introduced only to 
the peripheral region of the semiconductor layer in £ 
accordance with the present invention. After the heat 
crystallization, only the peripheral region of the semi- 
conductor layer is mainly crystallized while the pixel 
region of the semiconductor layer is not crystallized. 
However, there may be some diffusion of nickel from the w 
peripheral region into the pixel region but the amount of 
this diffusion is insignificant Then, the entire region of 
the semiconductor layer is irradiated with a laser light in 
order to increase the crystallinity, following which the 
semiconductor layer is patterned into respective silicon 15 
islands to form transistors. Thereby, H is posstole to 
manufacture a driver circuit using higher crvstallinrty 
TFTs and an active matrix circuit using lower crystallin- 
ity TFTs on one substrate. 

20 

(Example 9] 

[0123] This example is directed to an improved 
method for forming a film which is added wfth a catalyst 
onto an amorphous silicon film more uniformly The 25 
inventors were aware of a problem that when a solution 
containing tor example nickel or nickel compound as a 
catalyst is applied onto an amorphous silicon, there is a 
tendency that the surface of the amorphous silicon film 
repels the solution so that the uniformity of the coating so 
is not so good. The inventors discovered that when 
there is a very thin oxide film on the amorphous silicon 
film, it is possible to improve the wettability of the sur- 
face and therefore the solution may be coated more uni- 
formly. The oxide film should be enough thin so that the as 
nickel can penetrate through the oxide fim. The appro- 
priate thickness is. tor example, about 10 A. Also, the 
oxide film may be formed by a U V oxidation or thermal 
oxidation. 

[0124] For example, in the case of a UV oxidation, a 40 
surface of an amorphous silicon fim is exposed to a UV 
light in an oxygen gas tor 3 to 5 minutes. The tempera- 
ture of the substrate may be room temperature. 
[0125] However, H is desirable to heat the substrate to 
a temperature at which ozone starts to decompose to 45 
form oxygen radical, namely, about 200°C. In such a 
case, the time required for the oxidation is shorter than 
the case of the room temperature by about 1 minute. 
[0126] Alternatively, the oxide film may be formed by 
immersing the substrate having the amorphous silicon so 
formed thereon into a hydrogen peroxide solution at 
70°C tor 5 minutes. Preferably, the hydrogen peroxide 
solution is mixed with ammonium for the purpose of 
cleaning the surface. Instead of ammonium, it is possi- 
ble to add sulfuric acid or hydrochloric acid. 5£ 
[0127] In any event, the wettability of the silicon is film 
increased by the provision of the thin oxide film This 
method is applicable not only to the method using a 



solution tor forming silicon oxide such as OCD as dis- 
closed in the Examples 1 to 7 but also applicable to 
other methods in which nickel or a nickel compound is 
dissolved by a solvent such as water or alcohol and this 
solution is added onto the amorphous silicon film. 
[01 28] Although a silicon oxide film is disclosed as a 
most preferred example for holding a catalyst element 
therein, other materials may be used instead of silicon 
oxide as long as they can endure a high temperature, for 
example, an alumina f 9m may be used by dissolving fine 
particles of alumina in an organic solvent to form an alu- 
mina film instead of silicon oxide. Also, an organic fim 
such as photoresist material may be used to suspend a 
catalyst element therein Also, while the examples are 
directed only to manufacture of a TFT of a copianar 
type, rt is to be understood that other known types of 
transistors such as a bottom gate type transistor may be 
manufactured in accordance with the present invention. 
The invention is of course applicable also to the manu- 
facture of other silicon semiconductor devices such as 
diodes, photosensors, etc comprising crystalline silicon 
semiconductor material in which at ast one electrical 
junction such as a PN, PI. or Nl junction is formed. 
[0129] The invention having been descrtoed in the 
foregoing by reference to specific examples, it is to be 
well understood that rnodHications and variations will 
occur to those possessed of the relevant skill and 
knowledge without departure from the ambit of the 
present invention. Thus, for example, whereas in the 
foregoing the catalyst containing film or layer has mostly 
been descrtoed as being formed by a process wherein 
the catalyst is incorporated into a liquid or fluid carrier 
which is then applied to the silicon surface in order to 
form thereon a solid phase catalyst containing layer, 
and indeed this is the preferred and most convenient 
way of forming the catalyst containing film or layer, the 
present invention is not to be regarded as restricted to 
such a process. The solid phase catalyst containing 
layer could possibly be formed on the silicon film by 
other methodsm and the gist of the present invention is 
the formation of the solid phase catalyst containing layer 
and not the process by which it is formed. 

Claims 

1. An active matrix display device comprising: 4 

a semiconductor layer having at least first and 
second impurity regions and a channel forma- 
tion region formed on an insulating surface; 
a gate insulating film adjacent to said channel 
formation region; 

a gate electrode adjacent to said gate insulat- 
ing film; 

an insulating tarn comprising an organic resin 
formed over said substrate, said semiconduc- 
tor lay r, said gate insulating film and said gate 
electrod ; 
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a pixel electrode formed on said insulating film 
and electrically connected to one of said first 
and second impurity regions; and 
a conductive layer formed on said insulating 
film and electrically connected to the other one s 
Off the first and second impurity regions. 

2. A device according to claim 1 wherein said display 
device is a liquid crystal device. 

10 

3. A device according to claim 1 wherein said semi- 
conductor layer comprises crystal silicon. 

4. A device according to claim 1 wherein said gate 
insulating film is doped with phosphorus. is 

5. An active matrix display device comprising: 

a semiconductor layer having at least first and 
second impurity regions and a channel forma- 20 
ton region formed on an insulating surface; 
a gate insulating f ilm formed on said channel 
formation region; 

a gate electrode formed on said gate insulating 
film; 25 
an insulating fim comprising an organic resin 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating film and said gate 
electrode: 

a pixel electrode formed on said insulating film 30 
and electrically connected to one of said first 
and second impurity regions; and 
a conductive layer formed on said insulating 
film and electrically connected to the other one 
of the first and second impurity regions. as 

6. A device according to claim 5 wherein said display 
device is a liquid crystal device. 

7. A device according to claim 5 wherein said semi- 40 
conductor layer comprises crystal silicon. 

8. A device according to claim 5 wherein said gate 
insulating film is doped with phosphorus. 

45 

9. An active matrix display device comprising: 

a semiconductor layer having at least first and 
second impurity regions arid a channel forma- 
tion region formed on an insulating surface; so 
a gate insulating fim adjacent to said channel 
formation region; 

a gate electrode adjacent to said gate insulat- 
ing film; 

an insulating fim comprising an organic resin 55 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating film and said gat 
electrode; 



a transparent pixel electrode formed on said 
insulating film and electrically connected to one 
of said first and second impurity regions; and 
a conductive layer formed on said insulating 
film and electrically connected to the other one 
of the first and second impurity regions. 

10. A device according to claim 9 wherein said display 
device is a liquid crystal device. 

11. A device according to claim 9 wherein said semi- 
conductor layer comprises crystal silicon. 

12. A device according to claim 9 wherein said gate 
insulating film is doped with phosphorus. 

13. A device according to claim 9 wherein said trans- 
parent pixel electrode comprises indium tin oxide. 

14. An active matrix display device comprising: 

a semiconductor layer having at least first and 
second impurity regions and a channel forma- 
tion region formed on an insulating surface; 
. a gate insulating fim formed on said channel 
formation region; 

a gate electrode formed on said gate insulating 
film; 

an insulating fim comprising an organic resin 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating fim and said gate 
electrode: 

a transparent pixel electrode formed on said 
insulating fim and electrically connected to one 
of said first and second impurity regions; and 
a conductive layer formed on said insulating 
film and electrically connected to the other one 
of the first and second impurity regions. 

1 5. A device according to claim 1 4 wherein said display 
device is a liquid crystal device. 

16. A device according to claim 14 wherein said semi- 
conductor layer comprises crystal silicon: 

17. A device accordng to claim 14 wherein ,sa id gate 
insulating fim is doped with phosphorus. 

18- A device according to claim 14 wherein said trans- 
parent pixel electrode comprises indium tin oxide. 

19. An active matrix display device comprising: 

a glass substrate; 

a blocking film comprising silicon oxide and 
being formed on said glass substrate for block- 
ing sodium; 

a semiconductor layer having at least first and 
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second impurity regions and a channel forma- 
tion region formed on the blocking film; 
a gale insulating film formed on said channel 
formation region; 

a gale electrode formed on said gale insulating £ 
film; 

an insulating film comprising an organic resin 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating film and said gale 
electrode; io 
a pixel electrode formed on said insulating film 
and electrically connected to one of said first 
and second impurity regions; and 
a conductive layer formed on said insulating 
film and electrically connected to the other one rf 
of the first and second impurity regions. 

20. A device according to claim 19 wherein said display 
device is a liquid crystal device 

20 

21. A device according to claim 19 wherein said semi- 
conductor layer comprises crystal silicon. 

22. A device according to claim 19 wherein said gate 
insulating film is doped with phosphorus 2t 

23. An active matrix display device comprising: 

a glass substrate; 

a blocking film comprising silicon oxide and ac 
being formed on said glass substrate for block- 
ing sodium; 

a semiconductor layer having at least first and 
second impurity regions and a channel forma- 
tion region formed on the blocking film; 3f 
a gale insulating film formed on said channel 
formation region; 

a gate electrode formed on said gate insulating 
trim; 

an insulating film comprising an organic resin 4C 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating film and said gate 
electrode; 

a transparent pixel electrode formed on said 
insulating film and electrically connected to one 4& 
of said first and second impurity regions; and 
a conductive layer formed on said insulating 
film and electrically connected to the other one 
of the first and second impurity regions 

sc 

24. A device according to claim 23 wherein said display 
device is a liquid crystal device 

25. A device according to claim 23 wherein said semi- 
conductor layer comprises crystal silicon 5* 

26. A device according to claim 23 wherein said gate 
insulating film is doped with phosphorus. 



27. A device according to claim 23 wherein said trans- 
parent pixel lectrode comprises indium tin oxide. 

28. A device according to claim 23 wherein said semi- 
conductor layer constitutes one thin film transistor. 

29. An active matrix display device comprising: 

a semiconductor layer having at least f rsl and 
second impurity regions and a channel forma- 
tion region; 

a gate insulating film adjacent to said channel 
formation region; 

a gate electrode adjacent to said gate insulat- 
ing film; 

an insulating film comprising an organic resin 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating fim and said gate 
electrode; 

a metal electrode formed on said insulating fim 
and connected to one of said first and second 
impurity regions; 

a pixel electrode formed on said insulating ffrn 
and electrically connected to said one of said 
first and second impurity regions through said 
metal electrode; and 

a conductive layer formed on said insulating 
film and connected to the other one of said first 
and second impurity regions, wherein said 
metal electrode comprises a same material as 
said conductive layer 

30. A device according to claim 29 wherein said display 
device is a liquid crystal device 

31. A device according to claim 29 wherein said semi- 
conductor layer comprises crystal silicon. 

32. A device according to daim 29 wherein said gate 
insulating film is doped with phosphorus. 

33. A device according to claim 29 wherein said metal 
electrode and said conductive layer comprise chro- 
mium. 

34. An active matrix display device comprising: , 

a semiconductor layer having at least first and 
second impurity regions and a channel forma- 
tion region; 

a gate insulating film adjacent to said channel 
formation region; 

a gate electrode adjacent to said gate insulat- 
ing film; 

an insulating f flm comprising an organic resin 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating film and said gate 
lectrode; 
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a metal electrode formed on said insulating film 
and connected to one of said frst and second 
impurity regions; 

a transparent pixel electrode formed on said 
insulating film and electrically connected to 
said one of said first and second impurity 
regions through said metal electrode; and 
a conductive layer formed on said insulating 
film and connected to the other one of said first 
and second impurity regions, wherein said 
metal electrode comprises a same material as 
said conductive layer. 

35. A device according to claim 34 wherein said display 
device is a liquid crystal device 

36. A device according to claim 34 wherein said semi- 
conductor layer comprises crystal silicon. 

37. A device according to claim 34 wherein said gate 
insulating film is doped with phosphorus. 

38. A device according to daim 34 wherein said metal 
electrode and said conductive layer comprise chro- 
mium. 

39. The device according to claim 34 wherein said 
transparent pixel electrode comprises indium tin 
oxide. 

40. An active matrix display device comprising: 

a semiconductor layer having at least first and 
second impurity regions and a channel forma- 
tion region; 

a gate insulating film adjacent to said channel 
formation region; 

a gate electrode adjacent to said gate insulat- 
ing film; 

an insulating film comprising an organic resin 
formed over said substrate, said semiconduc- 
tor layer, said gate insulating film and said gate 
electrode; 

a metal electrode formed on said insulating film 
and connected to one of said first and second 
impurity regions; 

a transparent pixel electrode formed on said 
insulating film and electrically connected to 
said one of said first and second impurity 
regions through said metal electrode wherein a 
part of said transparent pixel electrode is 
located below a part of said metal electrode; 
and 

a conductive layer formed on said insulating 
film and connected to the other one of said first 
and second rrrpurtty regions, wherein said 
metal electrode comprises a same mat rial as 
said conductive layer. 
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41 . A device according to claim 40 wherein said display 
devic is a liquid crystal device. 

42. A device according to claim 40 wherein said semi- 
£ conductor layer comprises crystal silicon 

43. A device according to claim 40 wherein said gate 
insulating trim is doped with phosphorus. 

ro 44. A device according to daim 40 wherein said trans- 
parent pixel electrode comprises indium tin oxide 

45. A semiconductor device formed on a substrate and 
having at least one serniconductor layer as an 
J£ active region thereof, wherein said at least one 
semiconductor layer comprises crystal silicon and 
metal and such that said at least one semiconduc- 
tor layer has a {111) plane 

20 46. A semiconductor device as claimed in claim 46. 
wherein said metal is selected from the group com- 
prising Pd. Pt, Cu, Ag. Au. In. Sn, Pb. P. As. Sb and 
Hi 

2t 47. A semiconductor device as claimed in claim 45 or 
46. wherein said metal is diffused into said at least 
one semiconductor layer at a concentration not 
higher than 1 x 10 1S atoms/cm 3 . 

30 4S. An active matrix display device incorporating £ 
semiconductor device as claimed in any of claims 
45 to 47. 

49. An active matrix display device as daimed in claim 
3t 46, further comprising electrode/wirings (217. 218} 

formed of a metallic material, the electrode/wirings 
(217. 218) being termed on said insulating fim and 
connected to one of said first and second impurity 
regions. 

40 

50. An active matrix display device as claimed in claim 
49. wherein the metallic material comprises a multi- 
layer of titanium nitride and aluminium ... 

41 
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